I n the mid-70s, an abnormal monovalent ion transport across plasma membranes in primary hypertension was demonstrated as an enhanced rate of ouabain-resistant 22 Na/ 23 Na turnover in aortic strips from spontaneously hypertensive rats 1 (SHR) and in erythrocytes from SHR and patients with essential hypertension. 2, 3 Later, it was shown in erythrocytes that an enhanced permeability of plasma membranes for Na ϩ is caused by the increased activity of a system providing an electroneutral Na ϩ /Na ϩ or Na ϩ /Li ϩ exchange called Na ϩ /Li ϩ countertransport. (for review see 4 -6 ) Soon after the demonstration of the increased rate of the Na ϩ 0 -dependent component of Li ϩ efflux in erythrocytes of patients with essential hypertension, 7 it was proposed that erythrocyte Na ϩ / Li ϩ countertransport is a functional mode of operation of widely expressed amiloride-sensitive Na ϩ /H ϩ exchanger. 8 It was also suggested that this carrier is involved in the pathogenesis of primary hypertension by i) enhanced reabsorption of salt and osmotically obliged water in the proximal tubule, ii) augmentation of vasoconstriction caused by Na ϩ /Ca 2ϩ exchangermediated [Ca 2ϩ ] i increase, and iii) blood vessel remodeling by modulation of the smooth muscle cell growth 6, 8, 9 and apoptosis. 10 Indeed, it was shown that amiloride-sensitive ion fluxes are increased in platelets [11] [12] [13] and lymphocytes 14 from SHR and patients with essential hypertension as well as in cultured smooth muscle 15, 16 and renal epithelial cells 17 from SHR. It is important to emphasize that enhanced activity of Na ϩ /H ϩ exchanger was also observed in the study of the rate of pH recovery in exercising skeletal muscle in vivo 18 as well as in immortalized lymphoblasts from patients with essential hypertension. 19, 20 For more details, see Hamet et al, 6 Rosskopf et al, 21 and Siffert et al.
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The easy access to erythrocytes makes them a valuable tool for the study of the activity of ion transporters under pathophysiologic conditions. At the end of the 80s, it was reported that a part of the Na ϩ /Li ϩ countertransport, the rate of electrochemical proton gradient (⌬ H ϩ)-induced Na ϩ and H ϩ fluxes, is also increased in erythrocytes from patients with essential hypertension. [23] [24] [25] [26] During the last few years these results were confirmed in several studies. [27] [28] [29] The relation of the increased rate of Na ϩ /Li ϩ countertransport and ⌬ H ϩ-induced Na ϩ and H ϩ fluxes in the erythrocytes of patients with essential hypertension to the enhanced activity of the isoforms of Na ϩ /H ϩ exchanger expressed in nucleated cells remains unclear. In this study, we compared the properties of ⌬ H 
MATERIALS AND METHODS
Erythrocytes Donor blood (SRK, NIP, SNO), blood from 12 to 14 week-old Wistar male rats, and blood from unbred male rabbits (2.5 to 3 kg) were used in this study. Blood samples containing heparin (20 U/mL) were kept on ice for Ͻ2 to 4 h. Before experiments, erythrocytes were sedimented (3,000 g, 10 min) and washed with 3 aliquots of ice-cold solution A containing 150 mmol/L NaCl and 5 mmol/L Naphosphate buffer (pH 7.4). The fractions of erythrocytes enriched with old cells were obtained as described previously.
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ATP-Depletion
To study the effect of intracellular ATP on Na ϩ influx, packed erythrocytes were mixed with 20 volumes of glucose-free medium B containing 140 mmol/L NaCl, 5 mmol/L KCl, 1 mmol/L MgCl 2 , 1 mmol/L CaCl 2 , 20 mmol/L HEPES-Tris (pH 7.4), and 5 mmol/L iodoacetomide. After 30 min incubation at 37°C, cells were sedimented and washed twice with iodoacetomide-free ice-cold medium B. For the measurement of Na ϩ /Li ϩ countertransport (see below), 5 mmol/L iodoacetomide was added to glucosefree Li ϩ -loading solution during the last 30 min of incubation. Using a luciferine-luciferase assay, it was shown that under this treatment ATP content in human erythrocytes was decreased three orders of magnitude and was Ͻ1 mol/L of packed cells.
Modification of Intracellular pH
Packed erythrocytes were mixed with 20 volumes of medium B, containing 10 mmol/L glucose, 1 mmol/L ouabain, 35 mmol/L sucrose, with the pH adjusted in the range 5.45 to 6.80 and 7.0 to 8.00 using 2-[N-morpholino]ethanesulfonic acid (MES)-Tris and 3-(N-morpholino)propanesulfonic acid (MOPS)-Tris buffer, respectively. For ATP-depleted cells, glucose was omitted in these media. After 10 min of incubation at 37°C, erythrocytes were sedimented, resuspended in the same medium, and were treated with the inhibitors of anion transport (4,4Ј-diisotiocyanostilbene-2,2Ј-disulfonic acid, DIDS) and carbonic anhydrase (methazolamide) at a final concentration of 125 and 400 mol/L, respectively. After 30 min the cells were sedimented, washed twice with the same inhibitor-free media, and kept on ice for no more than 30 min before measurement of ion fluxes. To determine the intracellular pH, erythrocytes were washed twice with 5 volumes of ice-cold solution containing 145 mmol/L NaCl and 5 mmol/L KCl and lysed in an equal volume of thricedistilled water.
22 Na Influx Fifty microliters of packed erythrocytes were mixed with 0.2 mL medium B, prewarmed at 37°C, containing 5 mmol/L glucose, 1 mmol/L ouabain, 10 mol/L bumetanide, and 2 Ci/mL 22 Na. The pH was adjusted as indicated in the figures and tables with MES-Tris or MOPS-Tris buffer. In part of the experiments this medium also contained amiloride and ethylisopropyl amiloride (EIPA). Sodium concentration of medium B was varied using the equimolar substitution of NaCl with choline chloride. In accordance with previously reported kinetic data, 24,31 isotope uptake was terminated in 5 min by the addition of 1 mL ice-cold medium W, containing 100 mmol/L MgCl 2 and 10 mmol/L HEPES-Tris buffer (pH 7.4). The erythrocytes were sedimented, washed twice with the same medium, and lysed by the subsequent addition of 0.5 mL 0.5% Triton-X100 and 0.5 mL of 10% trichloracetic acid. After centrifugation the radioactivity of the protein-free supernatant was measured using a liquid scintillation spectrometer. The rate of isotope influx was calculated as
, where A i is the radioactivity of the erythrocytes (counts/minute), a o is the specific radioactivity of the medium (counts/minute/micromole), m is the volume of erythrocytes (liters), and t is the time of incubation (hours).
Measurement of H
؉ Efflux The rate of H ϩ efflux was measured as previously described 25 with modifications mentioned below. One hundred microliters of packed erythrocytes were transferred into 1.9 mL of prewarmed (37°C) medium containing 150 mmol/L NaCl/choline chloride, 1 mmol/L KCl, 1 mmol/L MgCl 2 , and 10 mmol/L glucose; then the pH of the suspension was adjusted to be in the range from 6.0 to 6.3 using 0.01 N HCl solution in 150 mmol/L KCl. After 10 min of incubation 2 L stock solution of DIDS was added to a final concentration of 100 mol/L. In 2 min 2 L stock solutions of amiloride or EIPA in DMSO or 2 L DMSO alone (vehicle) were added. In the following 2 min, the pH of the suspension was adjusted to be 8. 
/Li
ϩ countertransport in rabbit erythrocytes, 32,33 the incubation time for Li ϩ efflux from these cells was limited up to 15 min as compared to 1 h for human and rat erythrocytes. The Li ϩ content in samples was measured using a 3030B Perkin-Elmer atomic absorption spectrophotometer (Norwalk, CT).
Chemicals Ouabain, amiloride, bumetanide, DIDS, SITS (4-acetoamido-4Ј-isothiocyanatostilbene-2,2Ј-disulfonic acid), iodoacetomide, methazolamide were from Sigma (Oakville, Ontario, Canada). EIPA was from Research Biochemical International (Natick, MA). The 22 Na was from Isotope (St. Petersburg, Russia). Salts, buffers, and glucose were obtained from Sigma and Serva (Heidelberg, Germany). Stock solutions of bumetanide, EIPA, DIDS, and SITS were prepared using DMSO. The final concentration of DMSO did not exceed 0.2%. Stock solutions of DIDS and SITS were kept in the dark for no more then 3 to 4 h before the experiments.
RESULTS
Dependence of Ion Fluxes on Extracellular Sodium and Intracellular Proton Concentration
Kinetic characteristics of Na ϩ /Li ϩ countertransport and ⌬ H ϩ-induced ion fluxes in human erythrocytes possess an essential intraindividual variability. 5 Keeping this in mind, we compared the dependencies of the activities of these carriers on extracellular Na ϩ and intracellular H ϩ using erythrocytes from the same donor (NIP Figure 3 displays the dependence of Na ϩ influx on intracellular proton concentration. The rate of 22 Na influx was significantly increased under pH i Ͻ 6.8 and did not reach a saturation until pH i 6.0, which is in accordance with previously reported data. 26, 27, 29, 34 The further decrease of pH i led to sharp inhibition of 22 Na influx that complicates the precise estimation of the apparent affinity of the carrier to H extremely high content of band 3 protein in mammalian erythrocytes and its incomplete inhibition by DIDS 40 it may be suggested that this flux is mediated by anion exchanger. This hypothesis is supported by the data on the increased content of band 3 protein in erythrocytes from SHR revealed by gel-electrophoresis 41 and by the comparison of activity of DIDS-sensitive Na ϩ 0 -independent HCO 3 Ϫ influx in erythrocytes from normotensive and hypertensive patients.
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At pH i ϭ 6.0, the ratio of the absolute values of the H ϩ 0 -inhibited component of Na ϩ influx and Na ϩ 0 -dependent component of H ϩ efflux was ϳ8:1 (Table  1) , which contradicts the 1:1 ratio reported by Semplicini with coworkers. 24 It should be noted, however, that nistatin-treated Na ϩ -depleted erythrocytes incubated in DIDS-free media were used for the study of H ϩ efflux in Semplicini et al. 24 At 1 mmol/L, amiloride drastically decreased Na 
Effect of ATP-depletion
Previously it was reported that ATP depletion does not affect the rate of Na ϩ /Li ϩ countertransport. 35 Data obtained in our study confirm this finding (Figure 4 ). 
Ion Transport in Erythrocytes Enriched With the Old Cells
It was shown that in human erythrocytes enriched with the old cells the activity of Na ϩ /Li ϩ countertransport is increased as compared with a mixed population of red blood cells. 36 The same results were obtained in the present study. We also revealed that in contrast to Na
Na ϩ influx in old and total erythrocytes was about the same ( Figure 5 ).
The Relative Activity of Ion Transporters in Erythrocytes From Different Species
The activity of Na ϩ /Li ϩ countertransport was negligible in rat erythrocytes and was 20-fold higher in rabbit erythrocytes as compared with human blood cells ( and 6.0 was about the same in human and rabbit erythrocytes, whereas in rat erythrocytes the activity of this carrier was 4 to 5 fold higher ( Table 2 ). The ratio of the absolute values of the activity of these transporters in human, rat, and rabbit erythrocytes was 10:1:170 and 1:5:1 for Na ϩ /Li ϩ countertransport and ⌬ H ϩ-induced Na ϩ influx, respectively.
Effect of Cell Shrinkage
In the majority of the cells studied, amiloride-sensitive Na ϩ /H ϩ exchanger is drastically activated by cell shrinkage. 21 Previously, we demonstrated that both hyperosmotic and isoosmotic shrinkage induces amiloride-sensitive 22 Na uptake in rat erythrocytes, but does not affect ion fluxes in human red blood cells. 43 In the present study, we compared the effect of hyperosmotic shrinkage on Na ϩ /Li ϩ countertransport and ⌬ H ϩ-induced 22 Na influx in human and rabbit erythrocytes. (Table 3) shrinkage.
Fourth, at [Na ϩ ] 0 of 140 mmol/L, both NHE-1 and NHE-2 are completely blocked by 20 mol/L EIPA (Table 4 ). In contrast, in human erythrocytes we did not reveal effects of EIPA on ⌬ H ϩ-induced Na ϩ fluxes (Table 1) .
NHE-4 exhibits the lowest sensitivity to amiloride and EIPA among cloned isoforms of Na ϩ /H ϩ exchanger. 53 Table 4 shows that this isoform also possesses the lowest apparent affinity for Na ϩ 0 . Thus, it may be assumed that this isoform of Na ϩ /H ϩ exchanger is involved in ⌬ H ϩ-induced ion fluxes in human erythrocytes. However, this assumption contradicts the data on the effect of DIDS on the activity of NHE-4 and erythrocyte transporter. Indeed, an addition of 500 mol/L DIDS led to a 3-fold activation of NHE-4, whereas SITS did not affect the activity of this carrier. 53 In contrast, an equimolar substitution of 125 mol/L DIDS with SITS in the acidification medium (see Methods) did not affect the activity of erythrocyte ⌬ H ϩ-induced Na ϩ influx. Under this protocol, an addition of 500 mol/L DIDS did not modify the activity of this erythrocyte transporter (data not shown).
In conclusion, the data obtained in the present study demonstrate that Na ϩ /Li ϩ countertransport and ⌬ H ϩ-induced Na ϩ /H ϩ exchange in human erythrocytes are mediated by the distinct ion transporters. We also show that properties of these carriers and cloned NHE-1 and NHE-4 are different. The identification of immunoreactive 105 kDa protein in human erythrocytes using monoclonal antibodies for synthetic peptides corresponding to amino acid 759 to 769 of NHE-1 34 suggests that these differences can be caused by the alternative splicing or posttranslation modification of NHE-1 transcript. The cellular milieu can also affect the kinetic and regulatory properties of Na ϩ /H ϩ exchanger as it was shown for human NHE-1 expressed in different cell lines. 54 Regardless of the origin of these differences, they complicate the use of erythrocytes for identification of the mechanism for activating the ubiquitous form of Na ϩ /H ϩ exchanger in primary hypertension.
